In this work, we undertake a fundamental comparison of analogous lattice and continuum integral equation theories, with both held accountable to the results from Monte Carlo simulation and real experimental data on short chain molecules. Each integral equation method is applied to determine the system's microscopic intermolecular site-site distributions and the corresponding bulk thermodynamic properties. These properties, and those from the MC simulations, are then fit to corresponding pure fluid data on n-alkanes. Thus, in side-by-side comparisons we cover a number of fundamental contrasts: theory vs. simulation, lattice-based theory vs. continuum-based theory, thermodynamic properties of model chain molecules vs. the actual experimental properties of hydrocarbons. The observed behavior of the modeling methods is compared in terms of both the experimentally accessible physical properties (e.g., PVT and coexistence properties), and the more fundamental underlying quantities, such as free energies, and model internal energies. We also explore the various options for model parameterization and subsequent impact on the physical properties. Finally, each of the modeling methods is then applied to predict the behavior for the case of the alkane mixtures. In the course of doing this we use characteristic parameters obtained from the pure alkane fluids only; no fits of mixture properties are involved. The quality of the predictions will be compared for experimental properties such as mixed pressure-volumetemperature surfaces, as well as a variety of coexistence diagrams characterizing mixed system liquid-vapor equilibria.
